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osting by EAbstract The study was undertaken to compare the effect of storage period on external and inter-
nal quality traits of brown and white shelled eggs produced by commercial layers and marketed in
Riyadh area. Two trays each containing 30 eggs from each egg color were randomly collected from
supermarket, three times at different time intervals. The eggs of each collection were randomly
divided into three groups of 20 eggs. The different egg groups were individually weighed and stored
in refrigerator for 0, 10 and 20 days at 7 C and 60% relative humidity. Egg air cell depth (AC),
shape index (SI) and speciﬁc gravity (SG) were measured for all of the eggs in each group. Blood
(BS) and meat (MS) spots, Haugh unit values (HU), yolk color grade (C), shell weight (SW), shell
thickness (ST), egg surface area (SA), shell density (SD) and shell weight per unit of egg surface area
(SWUSA) of each individual eggs were measured. The results shows that white shell eggs had sig-
niﬁcantly higher weight, surface area and lower shape index and blood spot incidence. Storage per-
iod had a signiﬁcant (P< .05) adverse effect upon Haugh unit values, speciﬁc gravity, air cell depth
and shell thickness but a positive effect upon shell density and shell weight per unit of surface area
of brown and white shelled eggs but Haugh unit values of white shelled eggs were more adversely
affected by prolonged storage period. In conclusion, results showed that brown and white shelleda (A.A. Alsobayel).
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42 A.A. Alsobayel, M.A. Albadryeggs stored for 20 days at 7 C and 60% relative humidity still maintain relatively good internal
quality characteristics for human consumption.
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It is well-known that external and internal egg quality traits
have a genetic basis and can be also affected by non-genetic
factors. Stadelman (1977) has deﬁned egg quality as the char-
acteristics of an egg that affect its consumer’s acceptability.
Egg quality has been considered the most important price
contributing factors in table and hatching eggs. Therefore,
the economic success of a laying ﬂock solely depends on the to-
tal number of quality eggs produced. Shell and egg quality
characteristics have been shown to be inﬂuenced by genotype
and age. Several investigators reported signiﬁcant genotype
differences with respect to egg weight (Anderson et al., 2004;
Monira et al., 2003; Alsobayel et al., 1991, 2003; Harms and
Hussein, 1993; Hussein et al., 1993; Arafa et al., 1982), shell
thickness (Curtis et al., 1985a; Doyon et al., 1980; El-Deek
et al., 1985; Hassanin, 1990; Harms and Hussein, 1993; Pandy
et al., 1988; Monira et al., 2003), egg surface area (Hassanin,
1990; Anderson et al., 2004; Alsobayel et al., 2003), shell
weight per unit of surface area (Curtis et al., 1985a; Hassanin,
1990; Arad and Mader, 1982; Alsobayel et al., 2003) and shape
index (Arad and Mader, 1982; Anderson et al., 2004; Monira
et al., 2003; Arafa et al., 1982) but shell density (Hassanin,
1990; Alsobayel et al., 2003) and speciﬁc gravity (Anderson
et al., 2004) were not affected by genotype. Shell thickness
(Hassanin, 1990; Arafa et al., 1982; Izat et al., 1985; Alsobayel
et al., 1991), shell weight per unit of surface area (Hassanin,
1990; Arad and Mader, 1982; Izat et al., 1985) and shell den-
sity (Hassanin, 1990) decreased with advancing age, whereas
egg surface area increased (Hassanin, 1990; Sauter et al.,
1981). However Izat et al. (1985) reported no signiﬁcant age ef-
fect upon shell weight per unit of surface area and shell den-
sity. Genotype differences were also found by several
investigators with respect to Haugh unit values (Doyon
et al., 1980; Hassanin, 1990; Campos and Ferreira, 1981;
Renden et al., 1984; Curtis et al., 1985b; Alsobayel et al.,
2003; Monira et al., 2003), yolk color (Hassanin, 1990; Kumar
et al., 1971; Alsobayel et al., 2003) and blood and meat spots
(Aitken et al., 1973; Proudfoot and Gowe, 1973; Alsobayel
et al., 2003). On the other hand, Hassanin (1990) did not ﬁnd
genotype differences with respect to blood and meat spots.
Similar results were found by Prasad et al. (1982) and Hamilton
(1978) with regard to yolk color and blood and meat spots,
respectively. Haugh unit values decreased with advancing age
(Alsobayel et al., 1991; Hill and Hall, 1980; Hamilton and
Sibbald, 1980; Izat et al., 1983; Sang et al., 1983; Lapao
et al., 1999), whereas yolk color and meat spots were also
affected by age (Hassanin, 1990) and also blood spots as re-
ported by Alsobayel et al. (1991). Storage time had a signiﬁ-
cant effect upon egg weight, shell thickness, shape index,
(Monira et al., 2003), albumen height and Haugh unit (Monira
et al., 2003). Similarly found Lapao et al. (1999) with respect to
Haugh unit. However, very sparse informations are available
on external and internal quality traits of commercial eggs pro-
duced locally and little informations published with respect to
the effect of storage period on their external and internalquality. Therefore the study was conducted to compare and
to assess the effect of storage period on external and internal
quality traits of brown and white eggs produced by commer-
cial layers raised under local conditions and marketed in
Riyadh area.
2. Materials and methods
A total of 360 brown andwhite shell eggswere used in this study.
Two trays each containing 30 eggs from each egg color were ran-
domly collected from supermarket, three times at different time
intervals. The eggs of each collection were randomly divided
into three groups of 20 eggs and each group was considered as
replicate. The different egg groups were individually weighed
to the nearest .01 g and stored in refrigerator for 0, 10 and
20 days at 7 C and 60% relative humidity. Egg group stored
for 10 and 20 days were reweighed and egg air cell depth (AC)
wasmeasured inmillimeter, using candling light and thin plastic
ruler for all of the eggs in each replicate. For egg quality charac-
teristics study, eggs in each replicate of each eggshell color, were
broken-out and the presence of blood (BS) andmeat (MS) spots
visually determined. Haugh unit values (HU) (Haugh, 1937)
were directly estimated using micrometer adjustable to egg
weight and directly gives Haugh unit value (USDA, 2000). Yolk
color (YC) wasmeasured byRochColor Scale which has 15 col-
or gradation from very pale to deep yellow (North and Bell,
1990). The shell was washed carefully to remove albumen, and
dried at 21–24 C for 24 h and individually weighed (SW) to
the nearest .01 g. Shell thickness (ST), expressed in mm · 10
was obtained at three locations, middle and both side of each
egg with membrane using dial touch micrometer.
Egg surface area (SA) in cm2 was calculated for each egg
using the following equation suggested by Nordstrom and
Qusterhout (1982):
SA ¼ 3:9782 egg weight0:7056
Shell density (SD) in g/cm2 was estimated for each egg
using the following equation (Curtis et al., 1985a):
SD ¼ SWðgÞ=SAðcm2Þ  STðcmÞ
Shell weight per unit of surface area (SWUSA) was also
determined using the following equation (Nordstrom and Qus-
terhout, 1982):
SWUSA ¼ shell weightðmgÞ=surface areaðcm2Þ
Speciﬁc gravity (SG) was measured by method of Archime-
des according to the following equation: SG = (weight of air)/
(difference between weight of air and water) (North and Bell,
1990, p. 289).
Data obtained were subjected to statistical analysis using
the General Linear Models procedures of SAS Institute
(SAS, 1998) using the following statistical model:
Yijk ¼ lþ Bi þ Sj þ BSij þ eijk
where Yijk is the kth observation of the ith breed (B), jth stor-
age period. BSij is the interaction between breed and storage
Table 1 Effect of genotype and storage period on egg weight (EW), shell thickness (ST), egg surface area (SA), shell density (SD),
shell weight per unit of surface area (SWUSA), speciﬁc gravity (SG), air cell depth (AC) and shape index (SI) of brown (B) and white
(W) shelled eggs marketed in Riyadh area.
EW (g) ST (mm · 10) SA (cm2) SD (g/cm3) SWUSA (mg/cm2) SG AC (mm) SI
Genotype (G) ** NS ** NS NS NS NS **
B 57.18B 4.08 69.08B 2.015 82.07 1.073 4.08 77.73A
W 61.75A 4.07 72.88A 2.016 81.87 1.075 4.06 74.48B
Storage period (days) NS ** NS ** ** ** ** NS
0 59.84 4.14A 71.31 1.92C 79.29B 1.095A 2.27A 76.38
10 59.38 4.10A 70.90 2.03B 82.86A 1.081B 4.27B 75.88
20 59.17 3.99B 70.73 2.10A 83.76A 1.046C 5.68C 76.06
G · S NS NS NS NS NS NS NS NS
SEM ±0.429 ±0.0021 ±0.356 ±0.009 ±0.466 ±0.0016 ±0.043 ±0.231
NS: Non-signiﬁcant.
Means in the same column with different superscripts differ signiﬁcantly (P< .05).
** Highly signiﬁcant (P< .01).
Table 2 Effect of genotype and storage period on Haugh unit
values (HU), blood (BS) and meat (MS) spots percent and yolk
color grades (YC) of brown (B) and white (W) shell eggs
marketed in Riyadh area.
HU value BS (%) MS (%) YC grade
Genotype (G) NS ** NS NS
B 79.48 0.19B 0.20 5.54
W 79.39 0.05A 0.13 5.55
Storage period (days) ** * NS NS
0 84.72A 0.15A 0.13 5.47
10 79.57B 0.03B 0.23 5.63
20 74.03C 0.17A 0.14 5.54
G · S * ** NS NS
SEM ±0.401 ±0.022 ±0.028 ±0.110
NS: Non-signiﬁcant.
Means in the same column with different superscripts differ
signiﬁcantly (P< .05).
* Signiﬁcant (P< .05).
** Highly signiﬁcant (P< .01).
Effect of storage period and strain of layer on internal and external quality characteristics 43period. l is the general mean and eijk is the random error asso-
ciated with Yijk observation. Shell, albumen and yolk weight
percentages were transformed to arc sin
p
proportion prior
to statistical analysis.
3. Results and discussion
As it is shown in Table 1 genotype (G) had a signiﬁcant
(P< .01) effect only upon EW, SA and SI, whereas storage per-
iod (S) had a signiﬁcant (P< .01) only upon ST, SD, SWUSA,
SG and AC. On the other hand G · S had no signiﬁcant effect
upon all studied external traits. White shelled eggs had signiﬁ-
cantly (P< .05) higher weight and SA and lower SI than brown
shelled eggs, but both had statistically similar ST, SD, SWUSA,
SG and AC. Several investigators reported similar results with
regard to EW (Monira et al., 2003; Harms and Hussein, 1993;
Hussein et al., 1993; Arafa et al., 1982; Alsobayel et al., 2003;
Anderson et al., 2004; Shafey et al., 2002), SA (Hassanin,
1990; Shafey et al., 2002; Anderson et al., 2004; Alsobayel
et al., 2003) and SI (Anderson et al., 2004; Monira et al.,
2003; Arafa et al., 1982), ST (Shafey et al., 2002), SD (Hassanin,
1990; Shafey et al., 2002; Alsobayel et al., 2003) and SG
(Anderson et al., 2004). However, different from our results,
some investigators reported genotypic differences in ST (Curtis
et al., 1985a; Doyon et al., 1980; El-Deek et al., 1985; Hassanin,
1990; Harms and Hussein, 1993; Pandy et al., 1988; Monira
et al., 2003) and SWUSA (Curtis et al., 1985a; Hassanin,
1990; Arad and Mader, 1982; Alsobayel et al., 2003).
The discrepancy in the results of the different investigators
with respect to some external egg traits might be due to the dif-
ferent breeds used, age of the breeds and experimental condi-
tions. In our study white shelled eggs has SI value of 74.48
which was close to the ideal shape (74) reported by North
and Bell (1990), while brown shelled eggs had higher SI
(77.73) which means that they have a rounder shape and are
more frequently liable to break when moved through market-
ing channels. Table 1 shows that egg stored for 10–20 days
tended to have lower weight and SA than 0 days stored eggs.
On the other hand, SG and ST decreased, while AC, SD and
SWUSA increased signiﬁcantly (P< .05) with increasing
storage period. Our result partially agrees with that of Monira
et al. (2003) who reported that EW, SI and ST signiﬁcantlydecreased with increased holding time from 1 to 21 days at,
on the average, 27.4 C and 80.50% relative humidity and with
that of Akyurek and Okar (2009) who reported a clear nega-
tive effect of storage time up to 14 days at 4 and 20 C on
weightloss, air cell depth, speciﬁc gravity and shell weight.
A high correlation between ST and SG (0.78) and between
both and force to crush the shell (0.73 and 0.70) was reported
by Stadelman and Cotterill (1977). However egg weight was
very weakly correlated (0.1) with the force to crush the egg
as reported by the same authors. Eggs stored for 0, 10 and
20 days had 2.27, 4.27and 5.68 mm AC depth which put them
in grade AA, A and B, respectively (USDA, 2000). Genotype
had a signiﬁcant (P< .05) effect upon BS and storage time
upon HU and BS while HU, MS and YC were not signiﬁcantly
affected by genotype and MS and YC by storage period,
respectively (Table 2). Similar results were found by Akyurek
and Okar (2009) with respect to the effect of storage period
on HU. However, G · S effect was signiﬁcant (P< .05) only
upon HU and BS. Brown shelled eggs had signiﬁcantly
(P< .05) higher BS and tended to have higher HU and MS
and lower YC. HU signiﬁcantly (P< .05) decreased with
65
70
75
80
85
90
20100
Storage Period in days
H
U
B
W
a
a
b
b
c
c
Figure 1 Effect of G · S on Haugh unit value (HU) of brown (B)
and white (W) shelled eggs.
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Figure 2 Effect of G · S on blood spot incidence (BS) of brown
(B) and white (W) shelled eggs.
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on BS was not consistent. Fig. 1 showed that increased storage
period had a relatively more adverse effect upon HU of white
shelled eggs compared with that of brown ones. Similar trend
was noticed by Silversides and Scott (2001) who stored brown
and white shelled eggs up to 10 days. Fig. 2 shows an inconsis-
tent effect of storage period upon BS of white and brown
shelled eggs, although brown shelled eggs had signiﬁcantly
(P< .05) higher values for 0 and 20 days and white shelled
eggs for 10 days storage period. This result might be due to
the number of eggs having BS in each experimental group
rather than to the effect of storage period. However, though
Haugh unit values decreased with increasing storage period,
they were still considered to be grade AA (72 or more) accord-
ing to the USA standard (USDA, 2000).
4. Conclusion
The results of the study indicated that white shelled eggs had
higher weight, surface area and lower shape index and blood
spots incidence than brown shelled eggs while prolonged stor-
age period had an adverse effect upon Haugh unit values, spe-
ciﬁc gravity, shell thickness and air cell depth but a positive
effect upon shell density and shell weight per unit of surface
area of white and brown shelled eggs but Haugh values of white
shelled eggs were more adversely affected by prolonged storageperiod. The results, under the experimental conditions, also
showed that brown and white shelled eggs stored for 20 days
at 7 C and 60% relative humidity still maintain relatively good
internal quality characteristics for human consumption.
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